
Approach

In California, a volatile soil fumigant is applied by licensed pesticide applicators using 
tractor-drawn injection plows. The applicators go from farm-to-farm treating the soil.  
Because of California’s temperate climate, soil fumigation occurs throughout the year 
resulting in both acute and chronic exposures to the applicators.  Longitudinal data on the 
workers was available in the form of payroll records for 47 individual workers.  These work 
records consisted of the number of acres treated each month using tarped and non-tarped 
applications from April 1997 to March 1998, Table 1.  Based on interviewed workers, a 
typical day consists of set up 1.5 hrs, 5.5 hrs of application, 1 hr for lunch and 1 hr for 
cleanup.  The the average area treated per hour was reported to be 2.4 acres/hr for tarped 
applications and 4 acres/hr for non-tarped applications.  Using these data, estimates were 
made for the number of days worked for each of the 12 month (partial days were rounded 
up), Table 2 and Figure 1. 

A model of each worker’s daily work history for the 12-month period was simulated using a 
Monte Carlo model of the work status (work/nonworking) on each of the 365 days of the 
period. The simulation was created using @Risk™ an Excel™ software add on program.  
Each day was modeled using a binary model where the probability of working for an 
individual on a given month is that individual’s number of work-days for that month divided 
by the number of days in the month.  If an individual was determined to work, a 24 hr TWA 
air concentration was calculated using the following equation:

AC1-day, TWA = 

where, 

AC1-day, TWA is the 1-day 24-hour time weighted average air concentration (ppb)

ACi is the air concentration during the ith activity (ppb), and

ADi is the duration of the ith activity (hr).

In this model there are three activities, set up, application, and lunch/cleanup. Table 3 gives 
the values for ACi for these activities.  The values were based on a monitoring survey that 
consisted of 8 air samples in the tractor during application (used for application) and 9 area 
samples (used for lunch/cleanup).  The air concntration during sep up was assumed to be 
zero.   Each value is sampled using a discrete uniform distribution. The values of ACi on a 
given day were assumed to be independent.

Once the daily exposures were determined, 7-day, 30-day, 90-day average values were 
determined for the respective 356, 335, and 275 sets of contiguous days for the 47 
individuals. The annual averages are also determined. These values were randomly sampled 
to produce a distribution of 1-day, 7-day, 30-day, 90-day, and annual averages.  These 
sampled reflect both inter- and intra-individual variation in 1-day, 7-day, 30-day, 90-day, and 
annual average daily exposures.  Values that were zero were discarded.

The process was repeated 5,000 times. The resulting distributions can be thought of as a 
random sampling of any one of the 47 individuals on any day or any set of n-contiguous days 
of the year where the pesticide was applied on one or more of the days.  Figure 2 presents the 
cumulative distribution for the different averaging periods.  As would be expected as the 
averaging period increased from 1 day to annual the average exposure declined. The medians 
of the exposures ranged from 0.09 ppb to 0.01 ppb and the upper bounds of the exposures 
(95th percentiles) ranged from 0.2 ppb to 0.03 ppb.

Discussion and Conclusions

This effort is intended to be a demonstration of how minimal longitudinal data on worker 
exposure can be used to model longitudinal exposures.  There are a number of additional 
issues that should be explored in an actual assessment worker exposures.  These include the 
impact of auto correlation, consideration of week day versus week end days when modeling 
the probability of working, and incorporation of seasonal and day-to-day variation in the 
length of the work days.  However, the work demonstrates that data collected for economic 
reasons (payroll) can provide a basis for longitudinal exposure modeling.  In this instance, 
the upper range of acute exposure (1-day) were found to be 7 fold higher then chronic 
exposures (annual average).

Using Personnel Records to Model Longitudinal Exposures Using Personnel Records to Model Longitudinal Exposures 
of Pesticide Applicators Exposed to a Soil Fumigantof Pesticide Applicators Exposed to a Soil Fumigant

Paul S. Price, M.S. and Christine F. Chaisson, Ph.D., The LifeLiPaul S. Price, M.S. and Christine F. Chaisson, Ph.D., The LifeLine Group Inc.ne Group Inc.

Abstract
One of the difficulties in modeling long-term exposure in pesticide workers 
is the limited availability of longitudinal data on the exposure-related factors 
for individual workers. One solution is to use data collected for economic 
reasons (time sheets, payroll records, or other work records). An example 
of how such data can be used is developed for 47 workers at a pesticide 
application company who apply a pesticide (a soil fumigant). For this 
pesticide, the key route of exposure is inhalation and the relevant measure 
of exposure is the 24-hour TWA air concentration (ppb). The data available 
for the workers consist of 1) the number of acres treated in a given month 
for each of 47 workers over a 12-month period, 2) data on the variation in 
air concentrations associated with various tasks that make up the standard 
workday, and 3) information on the typical durations for the tasks during a 
work day. Using these data a Monte Carlo model of each workers’
longitudinal exposures over a one year period were prepared.  Using this 
model, distributions of 24-hour TWA air concentrations were prepared for 
1-, 7-, 30-, 90- and 365-day averaging periods. These distributions reflect 
variability in frequency of exposure, variability in levels of airborne 
concentrations, and the uncertainty due to the lack of data on the specific 
days (during each month) when the workers used the product.  The medians 
of the resulting distributions ranged from 0.9 ppb for 1-day measurements to 
0.01 ppb for 365-day averages. The dose at the 95th percentiles ranged from 
0.2 ppb for 1-day measurements to 0.03 ppb for 365-day averages. 
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Sample Set-up Drivers  Air conc . Lunch and Takedown
1 0 0.903 0.459
2 ND 0.337
3 0.423 0.184
4 0.052 0.366
5 0.251 1.536
6 0.245 0.146
7 0.087 0.252
8 0.397 0.201
9 0.122

ND: Non de tect

Reported Montoring Data (ppm)

Figure 2. Cumulative Distribution of Average Daily Exposure
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Figure 1. Days Worked Each Month by Each Worker
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